Photonics is a subject of scientific study on generating, controlling, harvesting and detecting beam of photons or light with a purpose of creating, manipulating, storing, transmitting and detecting information using nonlinear optical properties of materials. This paper is a new attempt to integrate scientific research and social research by analysing the characteristics of dye-doped polymer films for photonics applications. The analysing framework called ABCD framework to analyse any business concepts, business systems, technology, strategy, engineering material, technology or even an idea systematically by identifying the advantages, benefits, constrains, and disadvantages under various determinant issues and listing the constituent critical elements under each constructs. In this paper, as per the ABCD framework, the various determinant issues related to the use of dye-doped polymer films for photonic applications through focus group method are determined as affecting factors under : (1) Material Issues, (2) Application Issues, (3) Commercialization Issues, (4) Production/Service providers Issues, (5) Customer Issues, and (6) Environmental/Social Issues. The constituent critical elements of these factors are listed under the four constructsadvantages, benefits, constraints and disadvantages of the ABCD technique and tabulated. The analysis has brought about 204 critical constituent elements which satisfy the success of this analysis methodology.
Currently, there exists a wide range of inorganic non-linear optical materials [2] [3] with varied wavelengths, damage thresholds and optical characteristics. The research focus is to develop materials that meet all requirements such as faster response, high laser damage threshold and wide transparency range coupled with adaptability, processing ability and the ability to interface with other materials. Further robust growth in demand for high bandwidth fiber optic networking infrastructure and high speed optical computing are expected to boost the demand for Non-Linear Optical Materials [1] . Doped inorganic nonlinear crystals also shown optical limiting properties [4] [5] [6] [7] . Studies also showed that by means of heavy ion irradiation one can improve the material properties of both inorganic and organic nonlinear crystals [8] [9] [10] [11] .
It is well known that one can improve the performance of any system by comparing it with a hypothetical, predicted system of that kind called "Ideal system" [12] . Ideal properties of a device or a system can be used to upgrade or improve its properties towards reaching 100% efficiency. By comparing the properties/characteristics of a practical device/system with its ideal counterpart, one can find out the possible modifications in that device /system towards reaching the objective of achieving such an ideal system [13] . Many systems like ideal gas, ideal fuel, ideal solution, ideal fluid, ideal engine, ideal switch, ideal voltage source, ideal current source, ideal diode, ideal transistor, and ideal amplifier are familiar to everybody since school days. Recently, ideal business system [13] [14] , ideal education system [15] [16] [17] , ideal technology system [12] , ideal strategy [18] , ideal energy source [19] , ideal banking system [20] , and ideal library system [21] are studied and their input, system, output and environmental characteristics are discussed. The properties of ideal nonlinear material is interesting to know. In table 1, we have summarized the ideal properties of optical nonlinear material. From the year 1982, organic nonlinear optical material research got importance due to their advantages compared to inorganic counterpart. It revealed that organic compounds with the delocalized conjugated electrons which have excellent nonlinear optical property and high-speed responsiveness due to high mobility of electrons. Based on predictions, the 21st century is said to be an age of photonics. As one of the basic technology of photonics, improvements of the wavefront control technology using organic nonlinear optical effects are considered very important. And hence R&D on the organic materials with excellent nonlinear optical properties, and vigorous applied studies have been carried out. Present developments in the field of materials chemistry show that, though inorganic materials are still the choices for many devices, interest in organic materials are growing day-by-day in view of their adaptability to various kinds of applications. The field of organic molecular materials has transformed the use of materials in the modern world in the last 30 years, and it can be seen that organic molecules provide wonderful opportunities to materials researchers to design custom-tailored materials whose properties at the macroscopic /microscopic level reflect closely to the modeled or actual behavior of individual molecules. In other words, development of novel functional organic materials is a rapidly growing area of science, which probably can replace the traditionally used materials with cheaper and better-performing new ones in the near future, and also bring out some new applications [22] [23] [24] . Many organic crystals have shown better nonlinear susceptibility compared to inorganic crystals [25] [26] .
In view of the technological applications of the organic materials, the current research focus is in five technical areas, which are (1) Structural and multifunctional materials, (2) Energy and power materials, (3) Photonic and Electronic Materials, (4) Functional organic and hybrid materials, (5) Bio-derived and bio-inspired materials. Organic nonlinear materials Some of the benefits of organic nonlinear optical materials are :  Easy to process: Because they do not require electric poling or the preparation of large single crystals, these materials are easier to process than inorganic optical materials.  Lower cost: The ease of processing directly translates into a lower cost to fabricate.  High second-and third-order susceptibility: This technology exhibits exceptional performance in doubling and tripling the frequency of light passing through it, making it at least comparable to inorganic materials.  Low dielectric constant: An optical material with a high dielectric constant requires a larger poling voltage in order to polarize the dipole moment and can suffer changes in the refractive index. This technology requires no poling voltage and maintains its refractive index.  High electro-optic coefficient: Materials with a high electro-optic coefficient are more suitable for electro-optic modulation for high-speed devices.  Colorless: It is believed that the clarity of the doubling material will prevent the absorption of visible light, allowing a wide variety of light frequencies to be doubled.  Resistant to laser damage: The tripling material can be exposed to 432,000 20-nanosecond pulses at 20 Hz without any evidence of damage to the organic material, making it ideal for use in photonic applications.
Dye -Doped Polymers for Photonic Applications :
Though, the present best practice in Photonics technology is the usage of organic materials/dyes that exhibit exceptional nonlinear optical properties, these organic materials have few of the drawbacks inherent in the processing of comparable inorganic materials like of intense light induced degradation or bleaching and aggregation at higher dye concentration. In order to overcome these drawbacks and for effective use of highly nonlinear dyes, the strategic idea for the next practice is doping the dye molecules in polymer matrix. This idea of dye-doped polymer material matrix may increase the concentration of absorptive or fluorescence centers as well as the opto-chemical and opto-physical stability [27 -28] . Large number of organic compounds with delocalized electrons and conjugated double bond systems, and a large dipole moment has been studied to realize the susceptibilities far larger than the inorganic optical materials [29] . The organic compounds and dyes molecules with two basic structural families of acceptor/donor/donor/acceptor and donor/bridge/acceptor have shown high two photon absorption properties. Such information can be useful in the design of more efficient two-photon dyes for imaging and power-limiting applications. Organic dye doped polymer films are used for (1) Optical amplification, (2) Rewritable optical data storage, (3) optical information storage, (4) Spatial light modulation, (5) Optical power limiting [30] [31] [32] [33] , (6) Photonic switching [34] , (7) Quasi-permanent alloptical encoding [35] , (8) Two photon florescence microscopy [36] , (9) Frequency upconverted lasing, (10) Three dimensional optical storage, (11) Two photon induced optical imaging, (12) photosensitive media for holographic recording and optical computing, (13) Ultrafast all optical devices. (14) Optical phase conjugation [37] [38] [39] , (15) Optical parametric oscillator using four wave mixing [40] [41] , and (16) controlling light by light through optical spatial solitons [42] . Many studies have been conducted to measure nonlinear optical properties like third harmonic generation properties [43] , optical limiting studies [44] and optical phase conjugation using four wave mixing studies [45] in various nonlinear dyes doped in polymer films. In this paper, we have made an attempt to analyse nonlinear dyedoped polymer films for nonlinear and photonic applications using recently developed analysis framework called ABCD analysis framework. The acronym ABCD stands for Advantages, Benefits, Constraints, and Disadvantages.
About ABCD Analysis :
Various techniques are used to analyze the individual characteristics, system characteristics, effectiveness of a concept or idea, effectiveness of a strategy while studying the business value in the society. The individual characteristics or organizational effectiveness & strategies in a given environment can be studied using SWOT analysis, SWOC analysis, PEST analysis, McKinsey 7S framework, ICDT model, Portor's five force model etc.
Recently introduced business analysis framework called ABCD analysis framework [46] is suitable for analysing business concepts, business systems, technology, business models or business idea in terms of determining various factors for chosen determinant issues under four constructs called advantages, benefits, constraints, and disadvantages. In qualitative analysis using ABCD framework, the concept/system/strategy/technology/model/idea is further analysed by identifying constitutional critical factors. In quantitative analysis using ABCD framework [47] , the appropriate score/weightage is given to each constituent critical factor under each construct, through empirical research, the total score is calculated for each construct and by evaluating the scores, the concept/iidea/system/technology/strategy can be accepted or rejected. Thus ABCD analysis framework can be used as a research tool in these areas and is a simple but systematic analyzing technique for business models/systems/concepts/ideas/technology/strategy analysis.
Literature Review on ABCD Analysis :
In 2015, Aithal P.S. et. al. [46] developed ABCD analyzing framework to analyze any business model/strategy/concept/system and to study its effectiveness in providing value to its stake holders and sustainable profit through expected revenue generation. Application of ABCD analysis results in an organized list of a business advantages, benefits, constraints, and disadvantages in a systematic matrix. The entire framework is divided under various issues/area of focus and various business deployment factors affecting the business/concept can be identified and analyzed under each issues by identifying suitable critical effective element. This analyzing technique being simple, gives guideline to identify and analyze the effectiveness of any business model, business strategy, business concept/idea, and business system.
Reshma et. al. [48] , have analyzed the characteristics of "Working from Home" e-business model using 'ABCD Analysis Technique'. Based on various factors which decides the Working from Home system, a model of various factors and their constituent critical elements affecting under organizational objectives, employers point of view, employees point of view, customers/students point of view, environmental/societal point of view and system requirements are derived by a qualitative data collection instrument namely focus group method. It is found that the factors supporting advantages and benefits are more effective compare to constraints and disadvantages of this model, so that working from home model may become more popular from the prospective of employers and employees in the organization in the future.
ABCD analysis framework is used for analysing Black ocean strategy concept [49] . The various factors & their constituent critical factors affecting the BOS concept adopted in some of the business organizations for quick relief from the problems are identified for organizational point of view, administrative point of view, employee point of view, operational point of view, business point of view and external issues point of view are determined under the four constructs -advantages, benefits, constraints, and disadvantages.
ABCD analysis framework has been used for analysis of a concept "Higher Education Stage Model". The characteristics of the concept are evaluated based on identifying and analyzing the advantages, benefits, constraints, and disadvantages. The result supported the logic of using ABCD analyzing technique in any concept/idea performance evaluation [50] .
ABCD analysis framework is also used for analysing National Assessment and Accreditation Council (NAAC) accreditation process on higher education institutions [51] . The various features of the NAAC accreditation system is evaluated based on identifying and analyzing the advantages, benefits, constraints, and disadvantages of some of the chosen issues like organizational issues, Faculty performance issues, student development/progression issues, social/environmental/community engagement issues, Infrastructure And Learning resources, and Issues on Innovations Creativity and Best Practices. The affecting factors under these issues found out using focus group method and the constituent critical elements under each factor are identified. The result supported the logic of using ABCD analyzing technique in any System/concept performance evaluation.
In another paper on "Study on ABCD Analysis Technique for Business Models, business strategies, Operating Concepts & Business Systems", the author discussed the detailed ABCD framework for quantitative studies and explained how this framework can be used for four specific instances namely Business model, Business strategy, Operational concept and [52] . Recently, another paper on "Study of New National Institutional Ranking Framework (NIRF) System using ABCD Framework, is published in which the ranking system is evaluated using four constructs Advantages, Benefits, Constraints and Disadvantages, this system consider all determinant issues in key areas through analyzing the major issues and identifying the critical constituent elements and concluded that NIRF provides a comprehensive ranking suitable for higher educational institutions and it takes care of many small and subtle aspects comparable to quality assessment criterion of National Assessment and Accreditation Council. [53] . Apart from using ABCD framework for Qualitative analysis, in several research studies, ABCD analysis is limited and simplified to only listing of various advantages, benefits, constraints, and disadvantages of either concepts, models, systems, strategies, technology, or ideas [54] [55] [56] [57] [58] [59] [60] . These studies on ABCD listing can be analysed in detail using ABCD framework either qualitatively or quantitatively for further research.
ABCD Analysis on Dye-doped Polymers :
Advantages, Benefits, Constraints and Disadvantages (ABCD) of a System can be used to analyze and understand the model/system in an effective way. As per this analysis technique, the effectiveness of a business model/concept/system can be studied by identifying and analyzing the advantages, benefits, constraints, and disadvantages by considering various determinant issues like organizational objectives, employers and employees perspective, customer/student perspective and environmental/ social prospective as in the block diagram of determinant issues affecting the private university system and is shown in fig. 2 . As per the ABCD framework, the various determinant issues of related to the success of dye-doped polymer films in photonic applications identified using focus group method are : (1 Each determinant issue has sub-issues called key properties used for analyzing the advantages, benefits, constraints and disadvantages, the four constructs of the framework. The factors affecting the various determinant issues of private university system for each key issue under four constructs are derived by a qualitative data collection instrument namely focus group method [61] [62] [63] [64] [65] [66] [67] [68] , and are listed in table 1. 
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MAJOR DETERMINANT ISSUES RELATED TO THE DYE-DOPED POLYMER FILMS
Critical Constituent Elements as per ABCD model :
The critical constituent elements of these factors are listed under the four constructsadvantages, benefits, constraints and disadvantages of the ABCD technique and tabulated in tables 2 to 5. 
Conclusion
We have studied the application of dye-doped polymer films for nonlinear and photonics processes using ABCD analysis framework. The various determinant issues of related to the use of dye-doped polymer films in photonic applications identified using focus group method are : (1) Material Issues, (2) Application Issues, (3) Commercialization Issues, (4) Production/Service providers Issues, (5) Customer Issues, and (6) Environmental/Social Issues. The analysis identified the affecting factors for various determinant issues under four constructs advantages, benefits, constraints, and disadvantages. The analysis has brought about 204 critical constituent elements which satisfy the success of this analysis methodology.
